To solve the problem of harmonic pollution to the power grid that caused by traditional diode rectifier and phase controlled rectifier, the unit power factor PWM rectifier is designed. The topology structure of the rectifier circuit is introduced and the double closed-loop control strategy in three-phase stationary coordinate system is analyzed. For the deficiency of control strategy, the control strategy in two-phase synchronous rotating coordinate system is proposed. This makes the independent control of active current and reactive current to be realized. The simulation model of the PWM rectifier is built and the effectiveness of the control method proposed in this paper is verified by simulation.
Introduction
Unity power factor PWM rectifier has the advantages of high power factor, low harmonic content of grid side current, energy bidirectional transmission etc, is widely used in AC drive, reactive power compensation, active power filter, unified power flow control, as well as uninterruptible power supply, etc [1] . This paper introduces the topology of three-phase PWM rectifier, and describes the control method of the rectifier in three-phase static coordinate system. On the basis of the analysis of the advantages and disadvantages of this control method, the control method in two-phase synchronous rotating coordinate system is put forward. Then the mathematical model of three-phase PWM rectifier in d, q coordinates is established and the single control of active current and relative current is realized.
The Control Method of Three-phase
Voltage Source PWM Rectifier in Three-phase Static Coordinate System Figure 1 shows the topology of three-phase voltage source PWM rectifier, a b c is three-phase voltage source, C is the dc side filtering capacity and e e e L R is the load. In order to realize the control of input current and output voltage, the traditional method is controlling the three-phase input current directly. The control of the input current is also the control of the flow of energy, thus the control of the output voltage can be realized. The control method of PWM rectifier in the three-phase stationary coordinate system is shown in Figure 2 .
In this control method, the outer loop controls the DC voltage. The difference value of the command signal and actual signal of DC side voltage is imported to PI regulator. The output value of PI regulator is DC current sig- I by sinusoidal signal whose phase is the same as three-phase voltage. The difference value of command current and actual current is imported to PI regulator, and the sinusoidal modulation wave can be deserved. By comparing the sinusoidal modulation wave with carrier wave, the PWM wave which can control the switch can be deserved. This control method is simple, but the command current in control system is a varying sine time-varying signal which has a certain frequency, amplitude and phase angle. The effect of steady-state performance is not desirable, and the independent control of the active current and the reactive current can't be achieved [3] .
Voltage Source PWM Rectifier in Two-phase Synchronous Rotating Coordinate System
In order to realize the non-static error control of threephase current and independent control of active current and reactive current, the control method of unit power factor PWM Rectifier in two-phase synchronous rotating coordinate system will be introduced. Figure 3 shows the control method of unity power factor PWM rectifier in dq rotating coordinate system. Through coordinate transformation, three-phase stationary coordinate system (a, b, c), can be converted to synchronous rotating (d, q) coordinate system that synchronous rotate with the grid fundamental wave [2] . The transformation matrix is:
sin 120 sin 120 sin 2 / 3 cos cos 120 cos 120
(1) The inverse transformation matrix is:
sin cos 2 / 3 sin 120 cos 120 sin 120 cos 120
The most prominent advantage of this transformation is the fundamental sinusoidal quantitative in (a, b, c) coordinate system can be converted into a DC variable in (d, 
Through coordinate transformation the power supply voltage in dq coordinate system can be written as:
According to the instantaneous power theory, the instantaneous active power p and reactive power q of the system is: 
If we don't consider the fluctuations in grid voltage, d is a fixed value. So the instantaneous active power p and instantaneous reactive power q of PWM rectifier is proportional to d and q . So that by controlling d and q , the active and reactive power of PWM rectifier can be controlled [4] .
e i i i i
In three-phase PWM rectifier, the input instantaneous value of active power in the DC side is dc dc , if the loss of PWM rectifier is not considered, from equation The control method shown in Figure 3 also consists of voltage outer loop and current inner loop. Introducing DC feedback and the non-static error control of DC voltage can be realized. Due to the DC voltage can be controlled by the control of d , the output value of voltage outer loop of PI regulator is the reference value of current inner loop, so that the active power of PWM rectifier can be adjusted. The reference value of reactive i i current is based on the reference value of reactive power, so when , PWM rectifier operates on unit power factor state. * 0 q i  In this control method, the PI regulator can realize nonstatic error control. Compared with the control method in three-phase static coordinate system, the steady state performance is better. At the same time, the independent control of active current and reactive current can be realized [5] .
The Simulink Results
MATLAB/SIMULINK is used to establish the simulation model of PWM rectifier. Simulation parameters are as follows: the voltage of power grid is 380 V/50Hz. the inductance in AC side is 0.8 mH. The given value of DC side capacitor voltage is 700 V. The resistance load is 3.72 Ω. Figure 4 shows the three-phase input current wave and its FFT analysis of unit power factor PWM rectifier under the control of three-phase static coordinate system. Figure 5 shows the three-phase input current wave and its FFT analysis of unit power factor PWM rectifier under the control of two-phase synchronous rotating coordinate system. Figure 6 shows the control effect of DC side capacitor voltage in two-phase synchronous rotating coordinate system. It can be seen from the FFT analysis of current waveform that control in twophase synchronous rotating coordinate system has a better steady state response than control in three-phase static coordinate system.
Conclusions
This paper respectively introduced the control strategy of unit power factor PWM rectifier in three-phase static coordinate system and two-phase rotating coordinate system, and the two control method are compared. Theoretical analysis and simulation results show that the control in synchronous rotating coordinate system has better steady state performance.
